Ionic changes and alterations in the size of the extracellular space during epileptic activity.
Experiments with ion-selective microelectrodes revealed that a considerable activity of K ions appears temporarily in the extracellular space (ES) during enhanced neuronal activity and is removed from the ES by diffusion, active uptake, and entry into glial cells. The glial uptake results from the preferential glial K permeability and spatial glial K buffering. The glia responds to the local extracellular accumulation by a depolarization of the exposed part of its membrane. This depolarization will spread along the glial syncytium or extended glial cells. At sites where the extracellular K concentration has not yet increased, the membrane potential will thus be depolarized with respect to the K diffusion potential. Here K will move from the intra- into the extracellular space, in order to restore the electrochemical equilibrium. This induces a current that carries K into glial cells at sites of maximal K accumulation and that transports K out of glial cells at remote areas. In this way K is spatially redistributed. The corresponding current loop in the ES is predominantly carried by Na and Cl, the majority ions. Thus, Na and Ca are transported to the site of K accumulation while Cl moves away. The Cl and K ions are only partially replaced by Na. Hence, a decrease of extracellular osmolarity results, which leads to a water flux from the ES into the cells, inducing a shrinkage of the ES at sites of maximal K accumulation. At remote sites, the opposite effect is expected due to K flow out of glia and Cl transport to these sites. Thus, remote from the area of maximal neuronal activity, an increase of the ES is expected. This mechanism can explain the measured depth profile of the changes in the ES. At sites of maximal neuronal activity, the extracellular space undergoes a reduction by more than 30%. The ionic changes are accompanied by slow negative potential shifts. An increase in intracellular osmolarity due to enhanced metabolic activity and possibly KCl uptake mechanisms contributes to the changes in volume and ionic concentration. Model calculations of the after-effects of the loss of positive charges from the extracellular space and the K-specific glial buffering could predict size and time course of these changes. Experimental tests of this view include observations during epileptiform activity in gliotic scar foci as well as in hippocampal slices with depressed synaptic transmission. The extra- and intracellular ionic changes influence the generation, spread, and termination of seizure activity.(ABSTRACT TRUNCATED AT 400 WORDS)